Aw (water activity) and pH
The values of Aw were obtained by an Ageless Aw Meter TR-9100 (Mitsubishi Gas Chemical
Co., Inc.) and pH was measured by a pH Meter F-13 (Horiba, Ltd.).
Spices and Soy sauces
Fresh sawa-wasabi (Wasabia japonica Matsumura), ginger and garlic were crushed into pieces and juice, just before the experiments were started, and used at approximately 10 to 20% concentrations (w/v). Two kinds of soy sauces were tested: one is normal type (Koikuchi) with 18% NaCl and pH 4.7, and the other is reduced-salt type (Gen-en) with 10% NaCl and pH 4.5. They were both commercial products of Kikkoman Co., Ltd. A 0.05 M citrate buffer with the same % of NaCl and the same pH as those of soy sauces was used as the control.
Allylisothiocyanate
Sawa-wasabi is known to contain allylisothiocyanate as the main pungent component. Allylisothiocyanate (Wako Pure Chemical Industries, Ltd., special grade) was dissolved in ethylalcohol to be 200 mg/ml and added in soy sauce or 0.05 M citrate buffer with NaCl.
Results
Antibacterial activity of soy sauce 
Discussion
Before the appearance of chemical food additives, some spices had been used very frequently as preservatives for fishes and meats. Therefore, many edible plants were examined for the presence of antibacterial substances. However, Vibrio parahaemolyticus was not known yet in those days, we have almost no report on the antibacterial activity of soy sauce and spices against this bacterium except for the recent papers1, 5).
Soy sauce has been used as an effective preservative for many kinds of foods to date. Therefore its antibacterial effects on this bacterium are not surprising. However, the mechanism of the antibacterial activity of soy sauce has not been clearly elucidated yet. Our present data seem to add suggestions for its mechanism to be due at least to the combined effects of pH, Aw and NaCl. First of all, soy sauces generally have a pH around 4.5 to 4.7, and diluted soy sauce has almost the same pH because of its strong buffer action. The pH might play the main role on the antibacterial action, as we examined previously the effect of pH on the viability of V. parahaemolyticus by some organic acids and found it critical 8, 9) . Next, many soy sauces have Aw of below 0.9. Therefore, Aw should be considered as an important factor. It seems that Aw for the viability is lower than 0.95 for the The experimental conditions are the same as in Table 3 . Shogaol and zingerone from ginger, and allycin2 from garlic are well known as antibacterial substances.
We could not find their synergistic action with soy sauce against V. parahaemolyticus.
Finally we have to mention that a concentration higher than 10% used in this report was sufficient for the three fresh spices to exert their actions fully. It is. interesting that sawa-wasabi, ginger and garlic exert their actions in different ways on this bacterium in addition to giving their characteristic flavors to foods.
